We studied retrospectively the results of revision arthroplasty of the elbow using a linked Coonrad-Morrey implant in 23 patients (24 elbows) after a mean follow-up period of 55 months. According to the Mayo Elbow Performance Score, 19 elbows were satisfactory, nine were excellent and ten good. The median total score had improved from 35 points (20 to 75) before the primary arthroplasty to 85 points (40 to 100) at the latest follow-up. There was a marked relief of pain, but the range of movement showed no overall improvement. Two patients had a second revision because of infection and two for aseptic loosening. The estimated five-year survival rate of the prosthesis was 83.1% (95% confidence interval 61.1 to 93.3). Revision elbow arthroplasty using the Coonrad-Morrey implant provided satisfactory results but with complications occurring in 13 cases.
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The incidence of replacement arthroplasty of the elbow has increased during the past 15 years, but although the results are improving, the percentage of complications and revisions is higher than for arthroplasty of the hip, knee and shoulder. 1 Evolution in the design of total elbow prostheses has led to two major categories of implant: linked or semiconstrained and unlinked or resurfacing. 2, 3 The Coonrad-Morrey prosthesis is a linked implant and one of the more frequently used devices. However, little information is available about the use of this prosthesis in revision surgery. [4] [5] [6] 
Patients and Methods
Between 1992 and 2002, 23 patients (24 elbows) had their elbow arthroplasty revised to a linked Coonrad-Morrey implant. There were 15 women and eight men, with a median age of 62 years (42 to 80) at the time of revision. Seven patients had died from unrelated causes at a mean of 44 months (15 to 70) post-operatively, and two patients (three elbows) were unable to return for the clinical evaluation. These nine patients, however, had attended for regular review, providing sufficient data from their last consultation to allow their inclusion in the study. The mean duration of follow-up was 55 months (15 to 97).
The indication for the primary elbow replacement was rheumatoid arthritis in 16 patients, a fracture of the distal humerus in four, post-traumatic osteoarthritis in three, and primary osteoarthritis in one. The mean duration of the disease in patients with rheumatoid arthritis was 30 years (11 to 60). The mean interval between the primary arthroplasty and the revision was 75 months (1 to 241).
The implants that were revised included a Capitellocondylar-design (Johnson & Johnson, Warsaw, Indiana) in nine patients, a PritchardWalker prosthesis (De-Puy, Warsaw, Indiana) in five, a custom-made Link (Waldemar Link, Hamburg, Germany) in five, a Kudo implant (Biomet, Swindon, UK) in three, and a Coonrad-Morrey prosthesis (Zimmer, Warsaw, Indiana) in two.
The main indication for revision was aseptic loosening, which had occurred in 15 elbows. Other reasons included periprosthetic fractures in six elbows (five patients), instability in one and deep infection in two. Infection was clinically evident in these two elbows, with suppuration during revision, but the tissue cultures were negative. The demographic data for the series are shown in Table I . Surgical technique. With the patient in a lateral decubitus position, the arm was prepared and a tourniquet applied. The skin incision was modified depending on the location of previous scars. In all patients a posterior triceps-splitting approach was employed. 7, 8 An inverted V-shaped flap of the triceps aponeurosis was elevated, leaving the triceps tendon attached distally to the tip of the olecranon. The ulnar nerve was identified and protected, but not
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transposed. In two cases, however, the ulnar nerve had previously been transposed and was left in its anterior softtissue envelope. The radial nerve was not systematically identified.
Both components were exchanged in all cases, and if bone cement had originally been used, as much cement as possible was removed. In two elbows some secure cement was retained, as removal would have endangered the remaining bone stock. In five cases (1, 2, 3, 6 and 14) an ultrasound device (Ultra-Drive, Biomet, Warsaw, Indiana) was used to remove the cement. Longer implants were used to bypass fractures or bone deficiencies if necessary, and in all cases bone cement containing gentamicin was used for fixation of the new components. Autologous impacted bone grafting was performed at revision in cases 2, 10, 13, 14, 15 and 22. The Coonrad-Morrey humeral component has an inferior flange to support fixation, but no graft was placed behind this flange.
In the two infected cases the revision was performed as a two-stage procedure using gentamicin cement spacers for 12-and 17-week intervals, respectively, between removal of the primary implant and insertion of the revision prosthesis. All patients were given 1 g dicloxaciline three times a day for three days after insertion of the revision implant. The antibiotic treatment was adjusted and continued for at least six weeks in the event of any signs of infection. After operation a light dressing was applied and flexion and passive extension of the elbow were allowed as tolerated. A collar and cuff were used and the patient was allowed to begin activities of daily living. No formal physiotherapy was undertaken. The patients were advised to avoid strengthening exercises and lifting heavy objects. Clinical and radiographic evaluation. Pre-operative and operative data were obtained from the medical records. The Mayo Elbow Performance score 9 was used to quantify subjective, objective and functional characteristics both before the primary operation and after the revision at the latest clinical evaluation. A maximum of 45 points is given for pain, 20 for movement, 10 for stability and 25 for daily functional activities. The results were defined as excellent (90 to 100 points), good (75 to 89), fair (60 to 74) or poor (fewer than 60). Additionally, the patient self-evaluation section from the elbow assessment form of The American Shoulder and Elbow Surgeons was used. 10 This evaluates pain, function and satisfaction from the patient's perspective.
Pre-operative bone loss was assessed on both anteroposterior and lateral radiographs according to Mansat, Adams and Morrey.
11 As the length of the previous implanted stem varied we classified the humeral bone loss as type I when the defect involved the bone around the articular part of the previous prosthesis up to the olecranon fossa, as type II when it involved the bone from the olecranon fossa to the tip of the prosthesis and as type III when it involved the humerus proximal to the stem of the previous prosthesis. The ulnar bone loss was classified as type I when the defect involved the olecranon process with the attachment of the triceps tendon, as type II when it involved the bone from the olecranon process to the tip of the ulnar stem and as type III when it involved the ulna distal to the stem of the previous prosthesis. The cementing technique was classified on the immediate post-operative anteroposterior and lateral radiographs using previously described methods. 12, 13 The grading applied was determined by the worst radiological result. The technique was graded as adequate when the cement extended past the tip of the prosthesis, as marginal when the cement ended within 1 cm of the tip of the prosthesis, and as inadequate when the cement did not reach within 1 cm of the tip of the prosthesis. Immediate post-operative and follow-up anteroposterior and lateral radiographs were compared for signs of prosthetic loosening 14 and rated as type I if there was a progressive radiolucent line of 1 mm or more involving less than 50% of the cement-bone interface, as type II if more than 50% of the interface was involved, as type III if the entire interface was involved and as type IV in cases of gross loosening.
In five cases wear of the bushings 9,15 was estimated where perfect anteroposterior radiographs were available from the most recent follow-up. This was done by measuring the angle between a line perpendicular to the axis of the bushings and the longitudinal axis of the proximal segment of the ulnar component. An angle of intersection of more than 7˚ was considered indicative of excessive tolerance in the bushings. Statistical analysis. Kaplan-Meier survival analysis was used to assess the survival rate of the prostheses, the endpoint being removal of one or more components. Differences were analysed by a paired t-test, or the Wilcoxon signed rank test, depending on whether the data could be measured on an interval or an ordinal scale. P values < 0.05 were considered significant. The five-year survival of the prosthesis was 83.1% (95% confidence interval (CI) 61.1 to 93.3). The first and third steps on the curve were revisions due to aseptic loosening, the second and fourth were due to infection (Fig. 1) . In addition to those cases defined as failures owing to revision, one (case 21) displayed severe radiographic loosening of the humeral component at follow-up. Clinical. Based on the Mayo Elbow Performance Score the result was satisfactory for 19 elbows at the latest follow-up (Table II) : nine elbows had an excellent result and ten were good. The major cause for a low score was pain. The median pre-operative total score was 35 points (20 to 75), compared to 85 points (40 to 100) at follow-up (p < 0.001). A significant improvement was seen in all subcategories of the performance score, except for range of motion.
There was a marked improvement in the pain scores and 15 elbows were free of pain at follow-up. Two had mild pain and another two moderate pain. The 14 patients who were available for final clinical evaluation also rated the most severe pain they experienced during ordinary daily activities over a 24-hour period. On a visual analogue scale of zero to ten (for the worst pain) the mean score was 5.3 points (1 to 10).
There was no overall improvement in the range of movement and within the subcategories only flexion had improved (p = 0.01) (Table III) . At follow-up, ten of the 24 elbows met the criteria for functional flexion (30˚ to 130˚), and 15 for functional rotation (> 50˚ of supination and 50o f pronation). 16 Before primary surgery the patients' daily activities were severely limited because of pain. At follow-up the patients felt there was an improvement in their ability to perform daily activities, but the extent varied 10 and was related to the arc of active movement. Activities causing the most dif- ficulty were carrying a heavy object, rising from a chair pushing up with the arms and doing heavy household chores.
At the most recent follow-up only two patients reported that they were dissatisfied with the result of their revision arthroplasty. One had undergone two re-revisions because of infection (case 6), and one had a painful elbow with limited rotational movement (case 14). Radiographic assessment. The results of the most recent radiographic follow-up, including the elbows that required a second or third revision, are shown in Table IV . Immediate post-operative radiographs were not available for four elbows. Radiographic healing had occurred in all fractures.
The cementing technique was graded as adequate for both the humeral and the ulnar components in 18 elbows. Two humeral components showed inadequate cement fixation, but at follow-up both had good function and there was no sign of clinical loosening. Case 3 demonstrated marginal post-operative cement fixation, but the later re-revision was because of infection rather than aseptic loosening.
Pre-operative humeral bone loss was classified as grade I in five patients with the rest showing no signs of loss. Ulnar bone loss was seen in four patients, three with grade I bone loss and one with grade II.
Progressive radiolucent lines around the stem of the humeral component were found in nine cases. One of the patients had developed a type III loosening, but there were no signs of clinical loosening at follow-up. Among the ulnar components, nine had signs of progressive radiolucent lines. One patient (case 6) had a type IV radiographic loosening and subsequently had a revision arthroplasty to treat a grossly unstable elbow.
On a true anteroposterior radiograph, wear of the bushings was observed in five patients. The mean age of these patients was 63 years; four had rheumatoid arthritis and one had osteoarthritis. At follow-up, four of them had a clinically unstable elbow at a mean of 72 months. Complications. Thirteen of the 24 elbows had a total of 16 complications, necessitating eight re-operations in four elbows. There was one intra-operative complication, a humeral fracture that occurred in a patient with severe rheumatoid arthritis. The fracture was stabilised with cerclage wiring.
Ulnar paraesthesia was described in the first few days in five patients who had had no nerve symptoms prior to the revision. It had resolved in all but two patients at the time of follow-up, and motor deficiency was not observed. Radial nerve neuropathy was present in three patients, one sensory (case 23) and two with combined sensory and motor deficiencies (cases 9 and 13). No nerve damage was noted during the revision procedure except in case 9, where narrowing of the nerve was noted in relation to the humeral fracture.
One patient (case 17) demonstrated triceps insufficiency one year after operation, which was characterised by inability to extend the elbow against gravity.
Discussion
Several reports are available regarding the results of primary elbow replacement, [17] [18] [19] [20] but only a few about the results of revision procedures. King et al 4 described the mean results at six years after revision arthroplasty in 41 patients, also using the Coonrad-Morrey implant, with satisfactory results in 35. The mean Mayo score increased from 44 to 87 points, including an increase in range of movement. We did not observe an increase in movement but apart from that the scores in our series agree well with the findings of King et al. 4 We have, however, chosen to compare the functional result at follow-up with the status before primary arthroplasty, rather than before revision. We think this comparison more relevant as it indicates what a patient may expect from prosthetic surgery as a whole.
Dent et al 6 reviewed 26 revision arthroplasties in 25 patients using mostly Souter-Strathclyde implants. After a mean follow-up of 35 months, ten patients had a satisfactory functional result. Redfern et al 21 reported the results in 52 Souter-Strathclyde revision procedures with a mean follow-up of 53 months. They demonstrated significant relief of pain and a preserved range of movement.
Excluding the re-revisions, the most notable complication in our series was radial nerve palsy. King et al 4 also described this complication with a high frequency (three patients): two injuries were secondary to extravasation of cement, and one occurred when cement was removed during the revision procedure. One case in our series was related to a pre-operative humeral fracture, whereas in the other two no particular cause for the injury to the nerve was noted. This could not be attributed to thermal damage from the ultrasound device, as it was not used in these patients.
The incidence of ulnar nerve symptoms in our study is similar to that reported in other revision series or primary arthroplasties. 4, 9, 19, 22, 23 We observed only one intra-operative fracture whereas King et al 4 noted 17 intra-operative complications, mostly cortical perforations or fractures caused by removal of the cement.
Only Redfern et al 21 have published a survival analysis after revision arthroplasty. They found the five-year rate of survival of the Souter-Strathclyde prosthesis to be about 90%. In our study this rate was 83.1% at five years, but considering the confidence interval this may not represent a true difference.
In our study we used removal of one or more components as end-points; Four prostheses in four patients had been removed within the first 18 months after revision, indicating infection as a likely reason, but this was proven in only two elbows.
Radiographic loosening as an end-point (defined as type III or IV) would include only one additional case (case 21). Severe loosening was only observed in two cases, but types I and II progressive radiolucent lines were found in more. However, longer follow-up is required to determine whether this problem would increase.
Wear of the bushings is considered to be a possible longterm complication. It was observed in five cases in our study but was not associated with younger age or the underlying disease. Because stress radiographs were not routinely made, the absolute wear rate cannot be determined.
Our experience has shown that revision with a linked prosthesis is a viable option in failed total elbow arthroplasty and provides a satisfactory functional result. The risk of complications is high, and particular care should be taken in respect of the radial nerve. The survival rate is acceptable, but given the high incidence of progressive radiolucency, long-term follow-up is needed.
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